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1. INTRODUCTION

The Department of Defense, Defense Nap ping Aqency (DA) has
operated inertial surveying systems since f979 when a Litton Auto-
Surveyor System (LASS) unit was acquired. Designated the Inertial
Positioning System One (IPS-1), this unit is still operational in its
eleventh year of service and Is frequently utilf:rd for routine sur-

, veying tasks. Experience was also gained with extensive testing and
limited operational use of a prototype of the Honeywell GEO-SPIN sys-
tern, known in DNA as IPS-2 (1979-82), and with the standard U.S. Army
Position and Azimuth Determining System (PADS) of which two units
were acquired in 1982.

These two PADS units have now been upgraded to the configuration
of the Litton Auto-Surveyor System 11 (LASS-II) and bear the DMA des-
ignation of IPS-3 and IPS-4. The purpose of this paper is to present
the results of operational testing of these LASS-11 systems carried
out in the span of the past year over the Cheyenne IPS Test Course.

2. LASS II

-The Litton Auto-Surveyor System II is an upgraded version of the
Position and Azimuth Determining System intended for applications in
surveying and geodesy. The hardware features which set a LASS-I
apart from a PADS are (1) gyros screened to tighter performance spec-
Ifications, (2) modifications to the control/display unit (CDU), (3)
addition of a digital tapedeck and associated interface electronics,
and (4) a coat of paint change from olive drab to off-white which,
aside from giving the LASS-I a distinctive look, has the functional-

Figure 1. Litton Auto-Surveyor System it (LASS-Il)
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Figure 2. Typical Lass-Il installation in a survey vehicle.

Figure 3. Control/display unit (CDU) of the LASS-11 system.



,,purpose of aiding with the management of heat dissipation.,.Figures 1
and 2 show the LASS-11 unit, and Figure 3 shows the CDU. "

3. THE TEST TRAVERSE
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tive of the present test was to ascertain the performance of the
LASS-11 system over a traverse line of operationally significant
length and configuration. The traverse selected reflects the of ten-
encountered operational scenario of a generally straight line of
progress with majo' meandering along the way. Comprising 24 control
points, It extends in a generally north-south direction from Cheyenne
to just south of the town of Chugwater, with a path length of 86 km
see Figure 4. The elevation range along the traverse route is 230 a.
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Since part of the overall objective was to document system accura-
cy under extreme conditions, the test traverse is the longest trav-
erse which could be laid out within the confines of the Cheyenne IPS
Test Course end also fully conform to the inertial traverse design
criteria specified in LITTON (1982). These criteria require that (1)
the traverse be fully contained within the radius of 100 km from the
starting point, and (2) that no point of the traverse deviate later-
ally from the straight line connecting the endpoints of the traverse
by more than one-third of the distance to the nearer endpoint. The
Litton criteria, in effect, require that the traverse be contained
within a diamond-shaped area no longer then 100 km and no wider than
one-third of its length. Such diamond-shaped area which contains the
test traverse is also indicated in Figure 4.

4. DESCRIPTION OF THE TEST

As is the usual case with acceptance testing, the acceptance tests
of the IPS-3 and IPS-4 systems were preceded by exacting bench and
road calibrations of the respective hardware, and were carried out by
personnel possessing special skills and extensive experience with the
operation of LASS-11 systems. In contrast, the intent of operational
testing is to carry it out as one would any other routine assignment,
i.e., without any special preparation of the equipment and utilizing
routinely trained personnel. Accordingly, the test runs made for this
purpose were accoqlished whenever the systems were available and with-
out recourse to selected operators.

Four forward-and-reverse "double" runs were made over the test
traverse with each system, using 3.6 minutes as the nominal zero-
velocity update (ZUPT) interval. In every case, the traverse run was
preceded by a one-hour alignment of the system and by a short "dummy"
traverse leg. The time required to run the 86-km traverse in one
direction ranged from I hr 35 min to 2 hr 25 min and averaged I hr 56
min.

IPS-3 FORWARD RUNS
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5. IPS-3 DATA

Figures 5 and 6 show the JPS-3 unsmoothed data in the form of the
magnitude of position and height deviation of the forward and reverse
runs, respectively. Temptation is here resisted to call these "raw"
data, as the data in question has been acted upon, and thereby irre-
versibly altered, by the Kalman filter built into the LASS-1I on-line
software; raw inertial data is not e,:cessible. In each case, a 3-km
dummy leg was run due south between tle second and first poirts of
traverse, whereupon the traverse proper was started due .1orth.

Figure 7 shows the magnitude of position and height error in the
,corresponding smoothed (i.e., adjusted) data of the eight (four for-
ward and four reverse) "single" runs. The strikingly better perfor-
mance of the vertical channel is immediately apparent.

6. IPS-4 DATA

Figures 8 and 9 show the IPS-4 unsmoothed data. Of immediate
note are the much larger position deviation ramps of the forward runs,
not duplicated in the reverse runs, while the height deviation ramps
are not significantly different from those of IPS-3.
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Here different operators are Involved and, instead of running a
straight 3-km course as was the case with IPS-3, the du leg was run
from a control point near the place of alignment over approximately 5 km
of tortuous route to the starting point of the traverse. This and the
likely existence of a relative position error between the two control
points involved may have caused an azimuth error to be introduced into
the system, as opposed to removing residual azimuth error left after
alignment, which is the whole purpose of running a dumW leg.

Another possible explanation is that the large ramps in position
deviation are caused by an intrinsic characteristic of the IPS-4
hardware, such as a significantly greater gyro drift. Additional
controlled test runs with IPS-4 are needed to resolve this issue.

Figure 10 shows the corresponding smoothed data, with position

errors somewhat greater than those of IPS-3, while height errors
appear to be smeller than those of IPS-3.

7. RNS ERROR OF A SINGLE RUN

Combining the smoothed IPS-3 and IPS-4 data (total 16 single runs),
root-mean-square (RMS) errors in position and in height were computed
for each of the 22 intermediate points along the test traverse. These
appear plotted as a function of path distance in Figure 11 together
with the respective RMS error models given in L[TTON (1982) and the
corresponding new, "elliptical" RMS error models proposed as a result

of this analysis.

RMS ERROR OF SINGLE RUN
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The Litton RMS error models, giving the respective RMS errors
(RMSE) in meters, are formulated as follows:

RMSEpostion 0.15 + ' (1)

S

F44SEheight = 0.12 + S (2)

where S is the straight-line distance from the point of Interest to
the nearer endpoint of the traverse, in meters. In the case of posi-
tion error, the Litton model has been found to be too optimistic for
points close to the endpoints of the traverse and too pessimistic for
points in the middle of the traverse, while in the case of height
error the Litton model turns out to be grossly pessimistic, by a fac-
tor of 4 or 5, as is readily apparent from the lower graph of Figure
11. Also, being defined in terms of the straight-line distance S,
the Litton model is not appropriate for meandering traverses.

The proposed, elliptical RMS error models, giving the respective
RMS errors in meters, are defined as follows:

RMSE 1 d(D - d) (single-run) (3)
position 20,000

RMSEhelght = ,0 / d(O - d) (single-run) (4)

where d is the path distance from either endpoint of the traverse to
the point of interest, and D Is the total path length of the traverse,
both in meters. The appropriateness and goodness of fit o! these
models may be judged from the graphs of Figures 11 and 13. Where the
model curve falls below the observed RMS error, it must be kept in
mind that the data has not been purged of outliers. In each instance,
the rejection of the largest deviation in the set of 16 at each point
brings the observed RMS error in line with the proposed model.

Also shown in Figure 11 is the magnitude of the position and
height error of the means of all 16 (8 forward and 8 reverse) single
runs. This is indicative of the noise present in the geodetic con-
trol; perhaps half of this error is attributable to uncertainties in
the conventionally surveyed positions and elevations.

8. RMS ERROR OF A DOUBLE RUN

It is the standard practice to double-run inertial traverses.
that is, to follow the "forwaird" run imiediately with a run made in
thi nppo-,ite (rtrpetion, touchinq uopon the traverse points in revor%-'
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smoothed latitudes. iungituwies. and .eijhts are then tahen as im-

proved resultS. in the rase of )eiqht error. this Improvement fol-
lows the laws of statistics for random n.,mbers. in that the RMS error
of the mean is reduced by the factor i12.

In the case of position error, as is readily seen In the upper
graph of Figure 13, this improvement is significantly greater. The
RMS error of position (where the position errors are computed as the
vector sum of the deviations of the corresponding mean latitude and
mean longitude pairs) is reduced by the factor 1/2 as a round figure.
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Note that the letter E is used in Figures 13, 14, and 15 to iden-
tify the elliptic RNS error model curve given by equation (3) for RKS
error in position and by equation (4) for RNS error in height. The
other R14S error model curves shown are those corresponding to E/V7
and E/2, and are so identified.

To complete this investigation, single runs were pair-wise com-
bined and the RNS errors of the respective means were computed for
runs made (1) in the same direction with the same equipment, (2) in
the same direction with different equipment, and (3) in opposite di-
rections with different equipment. The results are shown in Figure
15, where the RHS error of a single run (see Section 7) has also been

. plotted for comparison.

An . ./ "" Y. I2 .om

_-5.

A; ._, Ol.e
- t the := dir ction with the een 7yste

i the e drction with different systeus

i opposite directions with dilferent systems

POSITION

a,0.

.:. HEIGHT

Figure 15.

The following may be abstracted from Figure 15: (1) Running the
traverse twice in the same direction with the same equipment produces
only a negligible improvement in either position or height accuracy.

" •(2) Running the traverse twice in the same direction with different
e is not much better for improvingpos tion accuracy; for
ilT9q.hFowever, it achieves accuracy Improvement comparable to that
of the forward-and-reverse double run. (3) Running the traverse
twice in opposite directions with different equipment does achieve
about three-our hs of the position accuracy improvement of the for-
ward-and-reverse double run and height accuracy improvement, again,
comparable to that of the forward-and-reverse double run.

It Is apparent that the errors affecting the interpolation of
position with an inerti&l surveying system are predominantly system-
atic, made up of components which are both equipment-specific and
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Note that the letter E is used in Figures 13, 14, and 15 to iden-
tify the elliptic RNS error model curve given by equation (3) for RMS
error In position and by equation (4) for MS error in height. The
other RNS error model curves shown are those corresponding to E/V2
and E/2. and are so identified.

To complete this investigation, single runs were pair-wise com-
bined and the R14S errors of the respective means were computed for
runs made (1) in the same direction with the same equipment, (2) in
the sam direction with different equipment, and (3) in opposite di-
rections with different equipment. The results are shown in Figure
15. where the RNS error of a single run (see Section 7) has also been
plotted for comparison.
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The following may be abstracted from Figure 15: (1) Running the
traverse twice in the same direction with the same eguipnent produces
only a negligible improvement in either positiTon-ir height accuracy.
(2) Running the traverse twice in the same direction with different
e 9ot is not much better for improving position accuracy; for
heighthowever, it achieves accuracy improvement comparable to that
of the forward-and-reverse double run. (3) Running the traverse
twice in opposite directions with different equipment does achieve
about three-fouths of the position accuracy Improvement of the for-
ward-and-reverse double run and height accuracy improvement, again,
comparable to that of the forward-and-reverse double run.

It Is apparent that the errors affecting the interpolation of
position with an Inertial surveying system are predominantly syst-.
tic, ulde up of components which are both equipment-specific and
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trajectory-specific, and of such nature that tlheir optimal reduction
takes place when means are taken of the smoothed results of runs made
In opposite directions with the same equipment. This would seem to

;o..A' indicate that the trajectory-specific component Is dominant, with the
gravity disturbance field the likely source. The same is observed to
apply, albeit to a significantly lesser degree, to the interpolation
of height. Deeper understanding of this complex error propagation

*, must wait more data and another study.

9. SWUINRY

This paper has presented, in graphical form, the errors in posi-
tions end heights interpolated with two DNA-owned LASS-1I systems
over a specially designed test traverse for the purpose of operation-
a testing of the LASS-11 systems. Based on subsequent data analysis,
new mathematical models for the RMS errors in Oosition and in height
are proposed, which are better suited for operational configurations
of inertial traverses, as well as more accurately descriptive of the
RNS errors actually observed.

It must be kept in mind that the error models in question give
RMS (i.e., one-sigma) values, and hence isolated errors up to three
or four times their magnitude may occur. Also, these error models
are specific to LASS-1I systems operated in a light truck type vehi-
cle with nominal 3.5-minute ZUPT Intervals. Their validity for e.g.
helicopter operation and/or longer ZUPT intervals Is yet to be veri-
fied.
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